Instead of projective measurement, we use weak measurement to define quantum and geometric discords, and compare them with the normal quantum and geometric discords based on the projective measurement in noninertial frames. We find that using weak measurement to define quantum discord we can capture more quantum correlations compared with the projective measurement, so calling it super quantum discord. However, we note that the geometric discord based on the weak measurements becomes smaller, so we name it inferior "geometric discord". We also show that, although both the super quantum discord and the inferior "geometric discord" decrease with the increase of observer's acceleration, the super quantum discord/inferior "geometric discord" increases/decreases as the measurements become weak. These differences reveal that the definitions of the quantum and geometric discords are not too concordant with each other.
Introduction
The integration of quantum information and another fundamental theory of modern physics-relativity theory creates the relativistic quantum information [1] [2] . Understanding quantum information in relativistic framework is crucial from fundamental perspective. What's more, many experimental setups, to improve the Piani [21] showed that the geometric discord has a problem that it can increase even under trivial local reversible operations of the party whose classicality or nonclassicality is not tested, while the quantum discord does not. Besides, E. G. Brown [18] even found that the geometric discord vanishes for Bosonic field in the infinite acceleration limit, but the quantum discord still exists, which shows the distinct different results between the quantum discord and the geometric discord. It is well known that the quantum discord is measurement dependent, and an optimal measurement process should be considered during its calculations. Generally speaking, authors ordinarily use the projective measurement to define the quantum discord and the geometric discord. It is worthy to note that quantum states are fragile to quantum measurements, and they will lose all the coherence after the projective measurement. However, unlike the projective measurement, weak measurement, which was firstly proposed by Aharonov, Albert, and Vaidman (AAV) [22] in 1988, can induce only partial coherence of quantum states to be lost because it couples the system and the measuring device weakly, and then causes small change to quantum states. Let's note that the weak measurement has been discussed universally in different fields [23] - [25] , such as geometric phase [26] . Especially, Uttam Singh and Arun Kumar Pati recently used the weak measurement to define quantum discord [27] instead of the projective measurement, and they surprisedly found that weak measurement can capture more quantum correlation, and the super quantum discord can be potentially a useful resource for quantum computation, quantum communication and general quantum information processing tasks. They also have proved that the super quantum discord in the post measured state is equal to the difference between the super quantum discord and the normal quantum discord in the original state, and therefore the weak measurement has the ability to resurrect the lost quantumness of any composite quantum state [28] . After their works, Y. Wang et al. [29] considered super quantum correlation and geometry for Bell-diagonal states with weak measurements. Besides, B. Li et al. [30] gave the necessary and sufficient condition for vanishing super discord. They also discussed the advantage of the weak measurement [31] and analysed the property of the weak measurement in quantum discord [32] .
The previous studies on quantum correlation are almost based on the projective measurements and confined in inertial frames. To find out how the measurements affect the quantum correlation and give a more complete frame to theoretically study it, in this paper we will define the quantum discord and its geometric version by using the weak measurement, and extend them to the noninertial frame. We will also discuss their reactions to the strength of measurements and the acceleration of observer and then compare them with the quantum correlation based on the projective measurement. Fortunately, we find some inconsistent results of the quantum and geometric discords from the perspective of the weak measurement.
The outline of the paper is as follows. In Section 2, we introduce the definitions for the quantum discord and geometric discord based on both projective and weak measurements. In Section 3, we analyse the entangled state of Dirac fields when the two observers relatively accelerates, and consider the quantum and geometric discords based on the weak measurement in noninertial frame and compare them with the normal versions. We summarize and discuss conclusions in the last section.
Definitions for Quantum Discords
To study the quantum and geometric discords based on the weak measurement and compare them with that based on the projective measurement, in this section, we introduce the definitions for the quantum discord and geometric discord based on these two different measurements.
Normal Quantum and Geometric Discords
For a bipartite quantum state AR ρ , the total correlation is defined by
where A ρ and R ρ are the local density matrices of AR ρ , and ( ) ( ) 2 Tr log S ρ ρ ρ = − is the von Neumann entropy of a quantum state ρ . The classical correlation is [12] ( ) ( ) ( ) ,
where the "quantum conditional entropy"
with the minimization being over all projection-valued measurements, { }
A i
Π , performed on the subsystem A . The probability for obtaining outcome i is
, and the corresponding postmeasurement state for the subsystem R is 
 [11] . And for bipartite system with the projective measurement performed on the subsystem A the quantum discord is
where ( ) ( ) ( )
On the other hand, the geometric discord is a metric-based measure of quantum correlations, which is defined as the distance in state space from the original state to the nearest state with zero discord. Such zero-discord states are known as classical-quantum (quantum-classical) states when the measurement is performed on the subsystem
where C is the set of classical-quantum states and
is the squared Hilbert-Schmidt norm. The geometric discord can be expressed as a somewhat more workable form [17] {
where ρ′ is the state after the projective measurement { }
Π has been performed on subsystem A, which is given by
Supper Quantum Discord and Inferior "Geometric Discord"
As introduced in Reference [23] , the weak measurement operators are defined as
where x is the parameter that denotes the strength of the measurement process, 
= results in no change to state; and 3) in the strong measurement limit we can obtain the projective measurement operators, i.e., ( )
. It is interesting to note that Singh and Pati use the weak measurement, instead of the projective measurement in Equation (3), to define the quantum discord, which they called the super quantum discord [27] due to this quantum discord is always bigger than the normal quantum discord. Doing like defining the normal quantum discord, they assumed that the weak measurement is performed on the subsystem A of a state AR ρ , then the post-measurement state for the subsystem R is given by
where ( )
{ }
A P x ± is weak measurement operators performed on the subsystem A , and the probability for which is ( ) (
.
where the "weak quantum conditional entropy" is
Similarly, we also can define the geometric discord by using the weak measurement to perform on the subsystem A of the state AR ρ . After that, the post-measurement state is
Then we can obtain the "geometric discord" based on the weak measurement, which can be expressed as
In the following, we will show this "geometric discord" is always smaller than the normal geometric discord (5), so we call it the inferior "geometric discord".
Quantum Correlations under Weak Measurement in Noninertial Frame
Now, we discuss the super quantum discord and the inferior "geometric discord" in noninertial frame. In order to do that, we first introduce our model that allows us to study the relativistic quantum information.
Correlated State Shared by Two Relatively Accelerated Observers
We consider that two modes, A and R , of a free Dirac field in Minkowski spacetime, are maximally entangled from an inertial perspective, i.e., the quantum field is in a state ( ) 
And similarly, we can obtain the entropy ( ) A S ρ for the reduced density matrix ( )
Super Quantum Discord
In order to obtain the super quantum discord, the conditional entropy is the key from Equation (8) . So, according to Equations (13), the post-measurement state for the subsystem R , after the weak measurement ) (x P on subsystem A of state (13), is given by 
with the probability ( )
Similarly, when we change x to x − in Equation (15), we can obtain the post-measurement state
ρ − for the weak measurement ( )
P x −
It is easy to calculate the eigenvalues of the post-measurement states 
We plot the super quantum discord in Figures 1 and 2 . From Figure 1 we know that the super quantum discord monotonously decreases as the acceleration increases. And it is the same that with the growing of the measurement strength the super quantum discord decreases monotonously. Besides, the differences between the maximum and the minimum of super quantum discord under the same acceleration become smaller and smaller with the measurement strength increasing. Figure 2 shows that whatever the acceleration is, the super quantum discord is larger than the normal quantum discord for the weak measurement, but when x → ∞ , the super quantum discord approaches to the normal quantum discord. On the other hand, by changing the acceleration, we can not change the trend that the super quantum discord decreases with the measurement strength increasing, but just decay the values of the super quantum discord and the difference between the maximum and the minimum of super quantum discord.
Inferior "Geometric Discord"
Let's consider the "geometric discord" based on the weak measurement of the sate (13) shared by Alice and the accelerated Rob. The state after the weak measurement performed on the subsystem A can be calculated by using Equation (9) as   i  i  2  1  2  3  5  i  2i  2  2  1  4  3  i  2i  i  3  4  1  2  i  i  5  3  2  1   4  2  e  e  cos  e  4  2  2e  1  sin  8  e  2e  2  e  e  e  4 2
where ( ) Then, according to Equation (10), after some calculations we can finally obtain the "geometric discord" based on the weak measurement as following 
Obviously, Equation (18) will go back to the normal geometric discord [18] when x approaches to the infinite, i.e., ( )
1 . cos cos lim 4
It is interesting to note that the "geometric discord" based on the weak measurement is always smaller than or equal to the normal geometric discord. This property of the inferior "geometric discord" is distinctly different from that of the super quantum discord, so this may be an evidence to prove that the definitions of the quantum discord and geometric discord are not too concordant with each other [21] .
We plot the inferior "geometric discord" as a function of the parameterized acceleration r and measurement strength x in Figures 3 and 4. From Figure 3 , we know that the inferior "geometric discord" decreases with the acceleration increasing, but it increases as the measurement strength increases. Furthermore, the inferior "geometric discord" vanishes when 0 x = . It is shown in Figure 4 that the inferior "geometric discord" grows with the increase of the measurement strength, and it is always smaller than the normal geometric discord when the parameter of the measurement strength x is not equal to ∞ . 
Summary and Discussions
By investigating the quantum correlations based on the weak measurement in noninertial frame we study the properties and inconsistence of the quantum discord and geometric discord. We find that: 1) using the weak measurement to define the quantum discord we can capture more quantum correlations and obtain a super quantum discord. However, using the weak measurement to define the geometric discord we note that the quantity becomes smaller and results in a inferior "geometric discord"; 2) with the increase of the observer's acceleration, both the super quantum discord and the inferior "geometric discord" decrease monotonously; and 3) as the measurement strength increases, the super quantum discord decreases monotonously, and finally goes back to the normal quantum discord when the strength parameter, x , approaches to the infinity. However, the inferior "geometric discord" increases with the increase of the measurement strength, also goes back to the normal geometric discord when x → ∞ . Different properties of the quantum and the geometric discords based on the weak measurement show us that these two "discords" have completely different reactions to the change of the measurement strength. So, in some sense, we can say that these differences are the evidences to prove the inconsistence between the quantum discord and the geometric discord.
